

	
[bookmark: _Toc502932909]3GPP TSG-RAN WG4 Meeting #90bis                                                        R4-1903279
XiAN, China, 8th - 12th April, 2019

Agenda Item:	6.12.2.3.1
Source:	ZTE Corporation
Title:	Discussion on multi-slot NR PUCCH
Document for:	Approval
 
1 Introduction
[bookmark: OLE_LINK91][bookmark: OLE_LINK90][bookmark: OLE_LINK6]In RAN4 #90, a WF was approved on multi-slot NR PUCCH with two open issues:
· PUCCH format
· Option 1: PUCCH format 3 
· Option 2: PUCCH format 1.
· Frequency hopping
· Option 1: Inter-slot frequency hopping enabled and intra-slot frequency hopping disabled
· Option 2: both intra and inter slot frequency hopping are disabled
In this contribution, we discuss and provide our views on these two open issues.
2 Discussion
One basic question regarding to multi-slot PUCCH is when or in which scenario UE may need multi-slot PUCCH. In our understanding one of the most applicable scenarios for multi-slot PUCCH is when UE is located at the edge of a cell where UE transmission power may reach its maximum.
In the current NR PUCCH design, the following techniques are applied for improving the performance of DCI over PUCCH 
· Block spreading with a spreading factor varying from 1 to 7
· Coding
· More allocated RBs
· Frequency hopping (intra or inter-slot)
· Repetition in the time domain (multi-slot)
For PUCCH format 1, the number of information bits is 1 or 2, and there is no coding but block spreading with single RB allocated. And for PUCCH format 3, the information bits are encoded and it is also possible to allocate more RBs. 
According to the preliminary simulation results provided by different companies, the required SNR between PUCCH format 1 and 3 differs 3~5dB where PUCCH format 3 is higher, thus it is anticipated that PUCCH format 3 suffers a coverage issue easier than PUCCH format 1. In the scenario where UE transmission power may reach its maximum, for PUCCH format 3, more allocated RBs may not be helpful, and the only possible dimension left for improving PUCCH format 3 performance is the repetition in time domain. Therefore, multi-slot PUCCH format 3 can be of more practical significance. 
Observation 1: PUCCH format 3 suffers a coverage issue easier than PUCCH format 1 and in the scenario where UE transmission power may reach its maximum, the only possible dimension left for improving PUCCH format 3 performance is the repetition in time domain.
One concern on PUCCH format 1 raised during the discussion is that the information i.e., ACK/NAK via PUCCH format 1 is more important than that via PUCCH format 3, but repetition in the time domain of ACK/NAK increases the feedback delay and may degrade the downlink throughput.
Observation 2: Multi-slot for PUCCH format 1 increases the feedback delay and may degrade the downlink throughput.
Based on observation 1 and 2, we propose to choose PUCCH format 3 to define multi-slot PUCCH performance requirements.
Proposal 1: Select PUCCH format 3 to define multi-slot PUCCH performance requirements
It is also reasonable to enable frequency hopping in the scenario above in order to achieve frequency domain diversity, either intra or inter slot. In the two options on the table, option 1 enables inter-slot frequency hopping and option 2 disable all frequency hopping. Our companion paper including some numerical results comparing option 1 and option 2 shows quite high performance gains for option 1 over option 2 [2], therefore, option 1 is preferred.
Proposal 2: Enable inter-slot frequency hopping for multi-slot PUCCH.

3 Conclusion
In this contribution, we have the following observations and proposals for multi-slot PUCCH:
Observation 1: PUCCH format 3 suffers a coverage issue easier than PUCCH format 1 and in the scenario where UE transmission power may reach its maximum, the only possible dimension left for improving PUCCH format 3 performance is the repetition in time domain.
Observation 2: Multi-slot for PUCCH format 1 increases the feedback delay and may degrade the downlink throughput.
Proposal 1: Select PUCCH format 3 to define multi-slot PUCCH performance requirements
Proposal 2: Enable inter-slot frequency hopping for multi-slot PUCCH.
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